Abstract: Panama is a small Central American country for which apparently there are no specific scientometric studies. We analyzed 4 854 research documents originating in Panama in the Science Citation Index Expanded (SCI-EXPANDED). Most are formal articles and nearly all are in English. The main fields are ecology, botany, zoology, evolution and aquatic biology. Most collaboration is done with USA, Germany, United Kingdom, Canada, and Brazil and the largest numbers of articles are published by the Smithsonian Tropical Research Institute, the University of Panama, the Gorgas Institute, the Children's Hospital, the Institute of Scientific Research and Advanced Technology Services, the Technological University of Panama, the Ministry of Health, and the University of Chiriquí. Keyword terms show a concentration on tropical forest trees, diversity and variation, considering mostly the effects of particular physical and biological causes. Output has grown steadily for several decades and continues to grow. The SCI-EXPANDED citations remain relatively stable and the lifespan of articles exceeds 20 years, with top citation four years after publication. The Impact Factor as currently measured is not appropriate to know the impact of Panamanian research. Our results only apply to the literature in the SCI-EXPANDED. Panama has nearly 100 scientific journals that are not taken into account by the SCI-EXPANDED. Thus the full productivity of authors and institutions, and their impact, remain to be studied, but our data represent a valid baseline for future research. Rev. Biol. Trop. 63 (4): 1255-1266. Epub 2015 December 01.
Panama is a small Central American country with four out of ten people living in poverty (United Nations Organization: http://goo. gl/1aIgb9) but with an extraordinary world visibility thanks to the Panama Canal. The small population (3 864 000 inhabitants) has a per capita Gross Domestic Product of $11 000. As in other ex-colonies of Spain, scientific development in Panama was minimal until the Nineteenth Century (Castillero, 2004) , but the number of articles published by Panamanian institutions and authors has been growing steadily in the last decades (Barreto et al., 2012) . After 1880 there was a significant scientific interest in the country because the French Panama Canal Company needed to control the lethal effect of tropical parasites that affected its workers; however most scientific work at the time was done by foreign researchers (Castillero, 2004) .
Like in the rest of Central America, the early Twentieth Century was marked by a new generation of local students who travelled to Europe and the USA to train in practical fields such as medicine and agriculture. Exposed to the progressive ideas that they met in those countries they returned to Panama and founded the first national research programs, mostly in clinical medicine and agriculture; this led to the development of three main fields including parasitology, botany, and entomology (Castillero, 2004) . That period was also marked by the establishment of a field station of the Smithsonian Institution (1923) , financed by the US government, that in 1966 became the Smithsonian Tropical Research Institute, STRI (STRI, http://goo.gl/jBsfTV). In the decade of 1970 Panama was impacted by the international awareness that tropical ecosystems are the most bio-diverse in the planet, and possibly also among the most endangered (Leigh, Rand & Windsor, 1982) . Both the Panamanian research institutions and STRI started to focus in understanding and protecting the country's ecosystems, a focus that continues today. As happened to similar efforts in other countries, the 21 st century is characterized by a growing interest in the commercial use of biodiversity, with the goal of sustainable development (Dettenhofer & Hampl, 2009) .
Apparently there are no scientometric studies focused on Panama, but the country has been mentioned in a few regional studies. At the Latin American level, Panama produces 4 % of all documents about the systematics of tropical organisms (Michan & Llorente-Bousquets, 2010) and has an important production of documents about Chagas disease (Ramos et al., 2011) . Nevertheless, Panama also is one of the countries in the region where epidemiological studies had the lowest growth rate in recent years (Barreto et al., 2012) .
In this article we analyze publication type, language, main fields of research, and most visible authors and institutions for the part of scientific publications originating in Panama that are included in the Science Citation Index Expanded. It is part of a series about scientific output in Mesoamerican countries (MongeNájera & Ho, 2012) .
MATERIALS AND METHODS
The data were based on the online version of the Science Citation Index Expanded (SCI-EXPANDED). According to Journal Citation Reports (JCR), it indexes 8 539 journals with citation references across 176 scientific disciplines in the science edition in 2013. All documents with "Panama" in the address field from 1980 to 2013 were considered and refined by countries/territories as Panama. In total, 4 854 publications met the selection criteria. Document information included names of authors, title, year of publication, source journals publishing the articles, contact address, and each year citation times for every publication were downloaded into Microsoft Excel software, and additional coding was manually performed for origin country and institute of the collaborators and impact factors of the publishing journals. Besides, the reported impact factor (IF) of each journal was obtained from the 2013 JCR. Collaboration type was determined by the addresses of the authors, where the term "internationally collaborative article" was assigned to those articles that were coauthored by researchers from outside of Panama. Articles originating from England, Scotland, Northern Ireland, Wales, and West Indies Associated States were reclassified as originating from the United Kingdom (UK). Similarly, articles from Reunion, New Caledonia, Martinique, French Guiana, and French Polynesia were included in France. Federal Republic of Germany (Fed Rep Ger) and Germany were reclassified as being from Germany (Ho, 2012) . Articles from Hong Kong were included under the heading of China but not as a separate territory for consistency (Chuang et al., 2011) . Articles from USSR and Russia (Ho, 2012) , Yugoslavia and Croatia (Ho, 2013) , Czechoslovakia and Czech Republic (Ho, 2013) , were reclassified as being from Russia, Croatia, and Czech Republic respectively. In addition, articles from Zaire were recognized to be Congo and Democratic Republic of the Congo. The term "institute independent article" was assigned if the researchers' addresses were from the same institute in Panama. The term "inter-institutionally collaborative article" was assigned if authors were from different institutes (Li & Ho, 2008) . All the articles referring to "Panama" were assessed by the following aspects: document type and language of publications, characteristics of article outputs, distribution of output in subject categories and journals, article outputs of institute and collaborative country. The total number of citations was recorded on 30 January 2015. Total citation times from publication to 2013 in the Web of Science Core Collection is presented as TC 2013 (Wang et al., 2010) . The bibliometric impact of a publication is usually assessed in terms of the number of citations it has received relative to other outputs in the same journal or field. Citations per publication (CPP) was another indicator which was defined as the total citations from Web of Science Core Collection since publication to year 2013 (TC 2013 ) per publication (Fu et al., 2012) .
RESULTS
The oldest records in the SCI-EXPANDED are reports on treatment of amebic dysentery and on malarial infection in Panamanian villages (Curl, 1906; Kendall, 1906) . The majority of Panama publications recorded by the SCI-EXPANDED are formal articles, with meeting abstracts and reviews in distant second and third places. The most cited document types are reviews followed by book chapters, proceedings papers, and articles (Table 1) . Only 3 974 original articles were used for further analysis. Nearly all articles in the database are in English (97 % of 3 974 articles), with a very small proportion in other languages (all in %): Spanish 2.2; Portuguese 0.18; French 0.10; German 0.050; Hungarian 0.050, and Italian 0.025.
The local Panamanian production is mainly in the fields of ecology, botany, zoology, evolution and aquatic biology. The main STRI fields are the same but in different order, with more articles on evolution and less on botany (Table 2 ; a file with only STRI data is available from the authors).
There is no difference between Panamanian and STRI researchers for the countries with which they have collaboration leading to joint publications. They mostly work with scientists from the USA, Germany, United (Table 4) . The majority of the scientists highly cited in American and European journals are STRI zoologists, ecologists, and botanists. The exception is G. Zots, a forest ecologist from the University of Oldenburg in Germany who publishes mostly about epiphytes. The only Latin American in the list is Héctor Guzmán, a Venezuelan zoologist who specializes in coral biology; the only woman, E. Kalko, a German bat expert (Table 5) .
Title and keyword terms are indicators of research trends and show a concentration on tropical forest trees, diversity and variation, considering mostly the effects of particular physical and biological causes (Digital Appendice 1, Digital Appendice 2 and Digital Appendice 3).
The historical trend in output shows a strong growth in the last decades and no plateau (Fig. 1A) . The SCI-EXPANDED citations remain relatively stable and only fall in the last decade (Fig. 1B ). There is a strong peak of citations in 1995 produced by one particular article on papillomavirus: Bosch et al. (1995) .
Ecology grew strongly and there was a smaller increase in plant sciences and evolutionary biology. Output in marine biology, freshwater biology and general biology has been relatively constant (Fig. 2 and Fig. 3) .
Collaboration with other institutions in the production of articles grows parallel to total output (Fig. 4) . The most SCI-EXPANDED cited articles are from STRI, the University of Panama and health research institutions (Children's Hospital, Gorgas, and IICSAT; Fig. 5 ). Note: Figs. 5 through 9 are in Digital Appendix 4); they are mostly studies about tropical ecology and health-related subjects ( Fig. 7 and Fig. 8) .
The lifespan of articles exceeds 20 years, with top effect four years after publication (Fig. 9) .
DISCUSSION
The great majority of Panama publications in the SCI-EXPANDED are formal articles. A probable reason is that, normally, institutions do not offer financial incentives for the publication of smaller works such as comments, letters and book reviews, so authors concentrate their efforts in the publication of full articles. The same trend was found by Ramos et al. (2011) who reported that 89 % of Latin American studies on Chagas disease were articles, while reviews and letters only amounted to 8 %. This seems to be a general trend worldwide (Chiu & Ho, 2005) . Nevertheless, materials such as book chapters and reviews receive more citations than articles, possibly because they are of more general interest. Nearly all articles in this particular database are in English, also in agreement with other studies based on the data of the SCI-EXPANDED. For example, 76 % of publications about Chagas disease are in English, 11 % in Portuguese and 9 % in Spanish (Ramos et al., 2011) . However, this result can be misleading because most of the papers written in Spanish, which represent a considerable number, are published in journals not covered by the SCI-EXPANDED. This limitation has been The emphasis in ecology, botany, zoology and evolution and aquatic biology is similar to results from studies in nearby countries. Research oriented on the needs of Latin American countries focuses on plant physiology and pathology, soil ecology, animal taxonomy, biomedicine and general ecology (Monge-Nájera & Díaz, 1988; Barrientos & Monge-Nájera, 1990 ), but biology in general is dominated on land by ecological and systematics studies of animals followed by plants (29 %) and quite distantly by fungi (Nielsen-Muñoz et al., 2012; Monge-Nájera et al., 2013 . The trend is similar in freshwater and marine studies, usually dominated by animal ecology with far lower numbers for plants, fungi and other organisms (Cortés & Nielsen, 2002) .
Panama collaboration is done mostly with countries that meet two criteria: they have a large scientific infrastructure and are located in a geographically related region (MongeNájera & Nielsen, 2005) . This matches the trend found for other Latin American countries in several fields: Chagas disease (Ramos et al., 2011) , Central American biodiversity (Costa Rica) (Nielsen-Muñoz et al., 2012) , biological research in neighboring Costa Rica (MongeNájera & Ho, 2012) and a general trend of countries with the larger scientific communities being more influential (Chiu & Ho, 2005) .
The most productive Panamanian institutions are public institutions financed by the Panamanian government: University of Panama, Gorgas Institute, Children's Hospital, (Dettenhofer & Hampl, 2009) . Generally, institutional performance is a product of internal factors and relationships with other institutions (Wang, Fu & Ho, 2010; . It is not surprising that STRI appears as the most productive institute, because its researchers are carefully selected and have access to infrastructure and resources from the US government and to the English language journals covered by ISI (basically American and European journals; see the bibliographies in Leigh, Rand and Windsor (1982) and STRI: http://goo.gl/1u7NTt). Research published in Panamanian journals is not included in the ISI database (Latindex, http://goo.gl/iLwtvS) and are not included in our study, but this does not mean that they are less important. They might in fact publish more articles than SCI-EXPANDED journals, but this information is not currently available.
As usual in small countries, much Panamanian research is applied to health problems and can be considered technologically oriented. That is why the most productive institutions are medical institutions such as the Children's Hospital (http://www.hn.sld.pa/) and the Gorgas Institute (www.gorgas.gob.pa). The ecology and conservation of tropical ecosystems represent the other large research field, mainly studied by the public universities (http://www. up.ac.pa/vip/). Despite previously being a small branch of the University of Panama that only recently became independent, the University of Chiriquí appears among the most productive in the country, possibly because of its aggressive research program (http://www.unachi.ac.pa/) led by Costa Rica-trained scientists (JMN personal observation).
Citation can be an indicator of many aspects of scientific output, including productivity, research collaboration and emerging fields (Fu, Wang & Ho, 2012; Chuang, Wang & Ho, 2011; Ho 2012 . There are no studies about why individual researchers in Panama are so influential in their fields but in a similar case, that of Central American botanist L.D. Gómez, it was found that success was related with innovation in research subjects and selection of topics of general interest that could be studied with few resources (Monge-Nájera et al., 2010) .
The dominance of male researchers among the top cited scientists in the SCI-EXPANDED does not correspond with the large proportion of female researchers in STRI. However, most women doing research in that institution are visiting or student researchers. Apparently, only tenured STRI staff, dominated by male zoologists, ecologists and botanists (STRI, http:// goo.gl/1u7NTt) has the conditions required to publish in journals that are highly cited in the SCI-EXPANDED.
It is not surprising that the top cited articles are studies in topics of general interest, i.e. cancer (Bosch et al., 1995) and the value of marine biodiversity (Worm et al., 2006) plus following comments by Hölker et al. (2007) , Jaenike (2007) , and Wilberg and Miller (2007) and response to comments by Worm et al. (2007) . Worm's team paper was studied by Branch (2013) who concluded that the large number of citations resulted from an alarmist claim in the article. That claim received much media coverage and thus the attention of many authors not familiar with expert rebuttals that were published shortly after the original article. Curiously, that weakness of the study inflated its impact for many years (Branch, 2013) and should be a warning to anyone taking citation at face value.
Keyword trends indicate the growing interest of research institutions in the ecological constitution, function and conservation of tropical ecosystems, and agrees with studies in nearby countries (Monge-Nájera & Ho, 2012; Albuquerque et al., 2013; MongeNájera et al., 2013) .
The strong growth in productivity since 1970 probably shows a real pattern, i.e. the number of researchers grows as the population grows; furthermore, increasing awareness of the importance of research leads to better financing and better trained scientists in many countries. But it can also be caused by efforts in the SCI-EXPANDED to increase the number of Latin American journals it covers now that its methods are increasingly under criticism (Monge-Nájera, 2014) . In any case the increasing number of publications parallels a general growth of scientific output in most of Latin America (Michan & Llorente-Bousquets, 2010; Ramos et al., 2011; Barreto et al., 2012) .
The decline in citations after 2006 probably shows that there has not been enough time for more recent articles to be cited. In the field of tropical ecology that dominates Panamanian production, longer periods are needed for the accumulation of citations. The cause of the peak of citations in 1995 seems to be the general importance and wide coverage of the study by Bosch et al. (1995) on cervical cancer, the second most common cancer in women worldwide (World Health Organization; http://goo. gl/P4rywS).
Even though it may appear that collaboration is growing in recent decades, the growth of collaboration matches the growth in scientific output, so proportionally there is no real increase. This is different from neighboring countries (Nielsen-Muñoz et al., 2012) and may simply indicate that the arrival of American researchers a century ago led to early establishment of collaborative research in Panama.
The long lifespan of articles (over two decades) may result from the relatively low number of scientists working in the tropics and the frequent need of long periods to study ecological phenomena in the tropics (Leigh, Rand, & Windsor, 1982; Li & Ho, 2008) . The fact that most citations occur four years after publication, i.e. two years after the SCI-EXPANDED stops counting to produce the Impact Factor, shows that the Impact Factor as currently measured is not appropriate to know the impact of tropical research. This also supports previous findings by other authors (Michan & LlorenteBousquets, 2010; Monge-Nájera & Ho, 2012; Monge-Nájera, 2014) .
Panama has nearly 100 scientific journals that are not taken into account by the SCI-EXPANDED (Latindex, http://goo.gl/iLwtvS) and we are aware that our study does not cover the most common research fields, the productivity of authors and institutions or the impact of research published in those Panamanian journals. Nevertheless we believe that our results offer a valuable baseline to future studies that, hopefully, will include more of the Latin American literature that deals more closely with research in Panama.
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RESUMEN
Bibliometría de las publicaciones de Panamá en el Índice de Citación Expandido de Ciencia: tipo de publicación, idioma, temáticas, autores e instituciones. Panamá es un pequeño país de América Central del que aparentemente no existen estudios cienciométricos especí-ficos. Analizamos 4 854 documentos de investigación procedentes de Panamá en el Science Citation Index Expanded (SCI-Expanded). La mayoría son artículos formales y casi todos están en inglés. Los principales campos son ecología, botánica, zoología, evolución y biología acuática. La mayor colaboración se realiza con EE.UU., Alemania, Reino Unido, Canadá y Brasil y el mayor número de artícu-los son publicados por el Instituto Smithsonian de Investigaciones Tropicales, la Universidad de Panamá, el Instituto Gorgas, el Hospital de Niños, el Instituto de Investigación Científica y Servicios Avanzados de Tecnología, la Universidad Tecnológica de Panamá, el Ministerio de Salud y la Universidad de Chiriquí. Las palabras clave muestran una concentración temática en árboles del bosque tropical, diversidad y variación orgánica (especialmente los efectos de causas físicas y biológicas). La producción ha crecido de manera constante desde hace varias décadas y continúa aumentando. Las citas en el SCI-Expanded se mantienen relativamente estables y la vida útil de los artículos supera los 20 años, con la mayoría de esas citas en los cuatro años posteriores a su publicación. El factor de impacto como se mide en la actualidad no es apropiado para conocer el impacto de la ciencia panameña, pues Panamá cuenta con cerca de 100 revistas científicas que no son tomados en cuenta por SCI-Expanded. Por ello, la productividad total de autores e instituciones, y su impacto, se desconocen, pero nuestros datos representan un punto de partida válido para la investigación futura.
